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ABSTRACT

Phased construction is a common technique utilized to allow bridges to remain partially opeit to traff
throughout the construction process. The segment of the bridge deck that is constructed second cures under
the effect of traffieinduced vibration transmitted from the adjacent bridgek segment, which is open to
traffic. However, subjecting bridge ckes to trafficinduced vibration during eadsgge curing raises
concerns about the durability of the decks. The primary goal of this study is to generate a fundamental
understanding of the transmission of traffiduced vibration, the extent of degradation phased
construction bridge decks, and the impact of potential mitigation measures. In this study, the response of
two phaseetonstruction bridges in Nebraska were monitored before, during, and after the second stage of
phased construction. Within®hours of the secorghase pour, the two phases of the bridges converged
dynamically and began to behave as a single structure. To further understand this behavior, an experimental
program was executed incorporating two phasmustruction specimens and omieich was constructed in
a nonphased manner. The phasmshstructed specimens were subjected to simulated tnafficed
vibration protocols for @ 12 and 7i 12 hours from the start of the pour. Within hours of the pour,
significant cracks were obsex in the specimen subjected to traffic forl® hours. While cracks were
similarly noted for the other phased specimen, the cracks were much less extensive and did not exceed
hairline widths. No cracks were observed for the-pbased specimen. Upon foetr evaluation, it was
concluded that the critical time window of7féhours during which traffinduced vibration has the most
significant impact on deck cracking corresponds to the concrete setting time. Therefore, it is recommended
that phased constrieh bridges close for the duration of the concrete setting time to reduce premature

deterioration.
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CHAPTER 17 INTRODUCTION

1.1BACKGROUND

The United States (US) road network is essential to facilitate the transportagieophé and goods
across the nation and globally, which is the backbone of the US economy. Bridges are strategic connectors
in the road network, which heavily suffer from critical structural deficiencies, and need to undergo a long
overdue sweeping rehabiliat i on pr ocess. According to the ASCE®S
US has more than 617,000 bridges, and 46,154 (7.5%) of those bridges are structurally deficient. On average
178 million trips are taken daily across structurally deficient bridgdse US (ASCE 2021). Furthermore,
due to the current state of deteriorating infrastructure in the region and country, the number of bridges in
the state and in the country in need of replacement is expected to increase. However, the complete closure
of a traffic route to allow for the construction of a new bridge is often not feagidicularly in rural
Nebraska, in which truck traffic is limited to few routes and is critical to the economic vitality of the state.
Typical bridge repair and replacemigrojects that fully close the bridge to traffic during construction have

significant social and economic costs on the surrounding communities (Manning 1981, ACI 345 2013).

Phased or staged construction for the repair or replacement of bridges hasdesseageonvenient
alternative to alleviate the social and economic downsides associated with full bridge closure in traditional
construction practices. The typical phased construction sequence for a bridge includes two stages of
construction. In the firgttage, a segment of the bridge, which is known as the first phase, is closed to traffic
while the traffic is fully maintained on the remaining segment of the bridge, which is known as the second
phase of the bridge. After the construction of the first pludghe bridge, the traffic is@uted from the
second phase to the first phase, so the construction (i.e., the second stage of construction) can begin on the
second phase, as shown in Figurk It is noted that a third phase is sometimes include@hntonsists

of a central closure pour when the first and second phases do not share a common boundary. While this is



a relatively common approach in the United States, this report focuses solely on situations involving two

phases without a closure pouthis is the common approach within the state of Nebraska and many others.

— o 2" Phase
:;;r?;t?j;ion: L ﬁf‘_'t ‘ l _ﬁ_ ‘ Construction
' i | SEEEEEES .

2" Phase is Open to Traffic / \ 15t Phase is Open to Traffic

Stage 1 Stage 2

Figure 1.1 Typical phased construction sequence of a bridge.

1.2PROBLEM STATEMENT

Despite the practical advantages of phased construction, bridges constructed in this manner have been
observed to have several constructability, serviceability, and durability issues. A common issue associated
with phased construction is differential elgwa, which occurs when the second phase deck does not
vertically align with the first phase deck. If this differengdvation is greater than 2 inches (NDOT 2016),
a closure pour is often required which extends the duration of construction and mic@siseA second
issue widely associated with phased construction is premature deterioration of theptesmndeck and/or
closure pour region. This premature deterioration is often evidenced by cracking of thepesmdeck
along most of the spansee Figure 1.2. This extensive eaalye cracking can substantially increase the
costs associated with maintenance, repair, and rehabilitation over the lifetime of the bridge; and, therefore,
there is a critical need to identify the causes of this egdycracking and determine appropriate methods

to mitigate premature deterioration of the deck.



There are many reasons why a concrete deck cracks, including plastic settlement, thermal shrinkage,

and heavy traffic loads. However, the widespread occurreinearly-age cracking in seconshase decks

where similar cracking is not observed in the fipktase decks indicates that the cause of this cracking must

be directly related to the phased construction techniques. One such potential cause and theargijog und
premise of this research is traffitduced vibration, which is defined as the transfer of vibration and relative
motion from the firsphase deck (which is open to traffic) to the curing concrete of the spbase deck.

This vibration can be tresferred directly by the supporting formwork, transverse diaphragms (if present),
the embedded reinforcing bars, and edge of thedirase concrete. This will have two primary effects: 1)

vibration of the curing concrete, and 2) deflection of the splieadorcing bars.

e

(b) (d)

Figure 1.2 Evidence of cracking in second phase decks and/or closure pour regions: (a) and (b) SQ&280
2015 inspection (photos courtesy of NDOT); (c) and (d) from (Weatherer 2017).

While it is widelyrecognized that vibration of concrete is necessary for proper consolidation and to
achieve sufficient strength, revibration or the process of vibrating concrete that was previously vibrated
does not necessarily improve the performance of reinforced ¢ermtr@ponents. Specifically, revibration
is expected to improve bond strength in kigimp concrete, but it may significantly reduce bond strength
in low-slump concretes (American Concrete Institute 2005), similar to mix designs used for Nebraska
bridge dcks. However, a more general study of bond strength due to differential deflection of rebar in

curing concrete observed reductions in bond strength for deflections as low as 0.05 inch (Federal Highway



Administration 2012). In addition to impacts on thedatrength, a very recent experimental study found

that prolonged revibration (e.g., 6 hours) of concrete cylinders reduced the concrete compressive strength
as much as 25% and is a likely source of excessive cracking in bridge decks exposed-toduatit
vibration (Hong and Park 2015). While it is apparent from the literature that 4iradficed vibration is a

definite source of premature deterioration in phased construction, there is no clear method to mitigate this
damage. This project will dirdgtaddress this gap in knowledge by measuring existing levels of traffic
induced vibration in the field and directly implementing varying levels of this vibration in a laboratory
experiment. Results of these experiments will provide clear guidance onohmitigate the harmful

impacts of traffieinduced vibration and enhance the durability of phased construction bridge decks.

1.30BJECTIVES
The primary goal of this study is to generate a fundamental understanding of the transmission of traffic
induced vibratin, the extent of degradation on phased construction bridge decks, and the impact of

potential mitigation measureBhe specific objectives that are addressed by this research are to:

1. Synthesize the current state of practice and best praaisesiated with phased construction

within the United States

2. Understand the characteristics of trafficluced vibration that result in premature deterioration

of concrete bridge decks in phased construction

3. Identify and recommend potential methods to gaité deterioration due to traffioduced

vibration

1.4REPORT OUTLINE AND SCOPE

To address the key objectives of the research, the project wasvaldd into four tasks:

1. Literature Review & Survey of State DOTs



2. Field Monitoring of Phased Construction Bredg

3. Laboratory Evaluation of Traffitnduced Vibration

4. Synthesis and Recommendations

This report serves to outline the methods followed, results acquired, and conclusions drawn from each
of these four tasks. To this er@hapter 1 introduces the backgroungroblem statemenénd objectives
addressed by this research. The first tas&rature Review & Survey of State DOiEssplit into two
chaptersChapter 2 summarizes the current state of knowledge associated with the premature deterioration
of phased costruction bridges with particular focus on the impacts of trafiitticed vibrationChapter 3
presents the survey that was developed to elicit the current state of practice of phased construction in the
United States in addition to a synthesis of the ltesThe second taslgield Monitoring of Phased
Construction Bridgess summarized i€hapter 4, in which two bridges undergoing phased construction
were monitored for traffiénduced vibrationChapter 5 presents the methods followed and results acdjuire
during the third tasklLaboratory Evaluation of Traffitnduced Vibration in which three phased
construction bridge slabs were tested in the lab under varying duration of-imdffeed vibration. In
conclusion, the fourth tasl§ynthesis and Recommatidns is treated inChapter 6, which details the
conclusions of the research and recommendations for methods to mitigate premature deterioration in phased

construction bridges.



CHAPTER 21 LITERATURE REVIEW

2.1 INTRODUCTION

Phased or staged construction for the repair or replant of bridges as a convenient alternative to
alleviate the social and economic downsides associated with full bridge closure in traditional construction
practices. The typical phased construction sequence for a bridge includes two stages oficonBirtiet
first stage, a segment of the bridge, which is known as the first phase, is closed to traffic while the traffic is
fully maintained on the remaining segment of the bridge, which is known as the second phase of the bridge.
After the constructiomf the first phase of the bridge, the traffic isroaited from the second phase to the
first phase, so the construction (i.e., the second stage of construction) can begin on the sec@efephase
to Figure 1.1) However, in the second phase of congiong the deck cures under the effect of traffic
induced vibration transmitted from the adjacent {iMsase deck through reinforcement, formwork, or
crossdiaphragms, which raises concerns abousthecturalserviceabilityand durability of hose decks.
Traffic-induced vibration causes the reinforcing bars extended from the first phase and embedded into the
second phase to have differential movements during the second phase curing, which can potentially lead to
accelerated degradation of thencretereinforcement bond in the vicinity of the construction joint (i.e.,
phase line) (Manning 1981, ACI 345 2013, Andrews 2013, Hong and Park 2015, Swenty and Graybeal

2012).

This chapter is intended to review the current state of knowledge regarding the impacts ef traffic
induced vibration on phased construction bridge decks. The chapter is organized into three primary sections
according to the study methodology. First, figldpection studies are reviewed, in which the current state
of deterioration, or lack thereof, is compiled and documented for existing bridges that were constructed in
a phased approach. Second, field monitoring studies are reviewed, in which the retpaodges actively
undergoing phased construction is measured. Third, experimental studies are reviewed, in which the

impacts of vibration and differential rebar movement are studied in a controlled laboratory environment.



The chapter concludes with a $iyesis of this current knowledge so as to outline the key knowledge gaps

that this research project is able to address.

2.2BRIDGE INSPECTIONS AND OBSERVATIONS

Several studies of field inspection of existing phaseastruction bridgelsave beeronducte. Arnold
et al. (1976) surveyed the performance of thirty bridges, which had been widened while maintaining traffic,
for ten years since the widening of the bridges. They found that the excess water in concrete mix and low
concrete cover were mainly resysible for the degradation sécondphaseadecks which was attributed to
traffic-induced vibration from the firqgphase deckSimilar observations were made to a lesser extent in
first-phase decks due to the vibration from construction activiiesordingly, using low watecement
ratio, water reducers and adequate concrete cover was recommended for better deck performance. Montero
(1980) visually inspected for cracks a bridge in Ohio after being widened while maintaining traffic, and the
bridge did notshow any signs of deterioration thadutd be definitively attributed to traffienduced
vibrations. Manning (1981) extensively reviewed the past studies of field inspections of many phased
construction bridges and visually inspected many phasasdtructon bridges in several statéd/hile
transverse cracking was observed in several bridges, a sample of which is shown in Figuwve2faund
that very few bridges exhibited degradation which could be attritaatiedl/ to traffic-induced vibrations.
Manning (1981) recommended maintaining smooth riding surface and imposing traffic restrictions among

other measures, to mitigate the negative impact of traffiuced vibrations on deck performance.

Furr and Fouad (1981) visually inspected 30 bridges and only one bridge exhibited cracking and
concrete spalling in the vicinity of the longitudinal joint. The joint degradationattadutedto a joint
detail having the dowel bars bent 90 degrees irhtnzontal plane. It was recommended that all dowel
bars to extend straight from firphase decks and be at least 24 bar diameter bars long, to avoid any
deterioration of the longitudinal joints. Moreover, Furr and Fouad (1981) sampled 109 core spioimens

deck areas disturbed and undisturbed by traffic of nine bridges, to be examined for deterioration through



visual inspection, ultrasonic pulse velocity tests, dye tests and strength tests. The results showed that most
of the core specimens from botheas had similar deterioration, therefore, the deterioration cannot be
attributedsolely to traffic-induced vibrationsSimilarly, Deaver (1982) visually inspected p8eviously

widenedbridges, and none of these bridges showed any deterioration thaattablatedsolelyto traffic-

induced vibrations.

2 o

Figure 2.1 Representative deck cracking on the underside of a deck slab (Manning 1981).

Most recently,Weatherer and Hedegaard (2019) visually inspected 41 pbassttucion bridges
across Wisconsin for signs of deterioration (i.e., cracks, spalls, etc.). There was no conclusive evidence that
phaseeconstruction practicesausedegradation of concrete decks, as most of the deterioration signs

available were highly attribat to concrete ageHowever,the longitudinal joinof the inspected bridges



were commonly observed to be underconsolidated, likely due to the congestion in the sfiticetyand

effort should be taken to ensure proper consolidation in the vicinittyegbint Also, no trends could be
deduced between the span lengths, bridge structural systems, girder spacings, girder configurations, deck
thicknesses, locations of joints between girders and longitudinal joint details, and the levels of deterioration
of bridges inspected. However, 8 identical hunched slab bridges had very poor longitudinal joints, as there
were venlarge, spalle@reas exposing corroded reinforcing bars, longitudiredks,and delamination in

the vicinity of longitudinal joints as skvn inFigure 22. The severe deterioration was highly attributed to

the shoring system used during construction, as the bridges might had experienced differential deflections
between both phases decks during constructionconclusion, several studies aalooked at the
performance of phased construction bridge decks in pursuit of understanding the impacts-ofdteféid
vibration; however, none have been able to isolate the impacts of vibration due to confounding effects.

Therefore, a review of fielthonitoring studies (case studies) and experimental work is included herein.

(b) (©)

Figure 2.2 Deterioration observed in past studies: (a) spalled concrete, (b) delaminated area, and (c) large
longitudinal crack in vicinity of lon gitudinal construction joint (Weatherer and Hedegaard 2019).

2.3 FIELD MONITORING STUDIES
Field monitoring studies of phasednstruction bridges have also been conducted for further

interpretation of the dynamic behavior of bridges during phased wotistr. Furr and Fouad (1981)



instrumented nine bridges across Texas using linear potentiometers attached to the bridge girders at the
middle of span, to measure the maximum differential deflection occurring between thanfirstecond

phases closestrglers to the longitudinal joints. The recorded displacements were used to compute the
transverse curvature of the decks throughout the phased construction, none of the bridge decks had
transverse curvature exceed the transverse curvature required toanskiem@ble cracking. In addition,

Deaver (1982) instrumented two bridges which were undergoing widenings, using linear potentiometers to
guantify the absolute and relative deflections of the girders. The new decks had been separated from the
existing bridye during construction, and afterwards, were connected to the existing bridges using closure

pours. The dynamic differential deflections are summarized in Table 2.1 for comparison with other studies.

Table 2.1 Differential deflections reported in past studies between girders at the phase line following the
second phase deck pour

Girder system Span Girder Max diff.
Reference Bridge spacing deflection
Stage 1 | Stage 2 m (ft) m (ft mm (in.)
0.25
Gordon Rd./SR39 | C-Stl c-stl 24.4 (80) 2.1(7.0) (0.010)
Deaver (1982) '
Old Dixie Rd. / SR3| S-St S-St 21.3(70) 1.8 (6.0) ((? '03102)
0.81
1-35/ Ave. D C-stl C-stl 18.3 (60) 2.5(8.2) (0.032)
1.04
1-35 / AT&SF RR C-stl C-stl 21.3 (70) 25(8.1) (0.041)
3.05
1-45 / FM 517 C-stl C-stl 16.5 (54) 2.4 (8.0) (0.120)
1.52
I-10 / Dell Dale Ave. SPC SPC 26.5 (87) 2.6 (8.4) (0.060)
Furr and US 75 / White Rock 0.81
Fouad (1981) Creek SB SPC | CGst 1 153(50) | 1.6(54) | (5p3)
US 75 / White Rock 1.47
Creek SB SPC C-stl 27.4 (90) 1.6 (5.4) (0.058)
. 1.47
US 84 / LeonRiver O-stl O-stl 20.6 (67.5) 1.9 (6.3) (0.058)
Texas 183/ EIm 1.02
Fork Trinity River C-st SPC 15.3 (50) 2.0(6.0) (0.040)
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1.10
Weatherer and B-16-123 SPC SPC 195(64) | 375(123) | (g oany
Hedegaard 0.96
(2019) . -

B-16-136 SPC SPC 18.3(60) | 25(80) | (o3

Note: C = continuous; O = overhanging; PC = prestressed concrete; S = simply supported; Stl = steel.

Moreover, Weatherer and Hedegaard (2019) instrumented two pbt@s&tduction bridges in

Wisconsin after the completion of the secqithse deck placemettoth bridges were instrumented using

a combination of tiltmeters, accelerometers and LVDTs fixed to an instrumentation arm. The differential
deflections between the adjacent girders to the plnaeséi.e., longitudinal joint) were quantified and are
included in Table 2.1 for comparison with the other studies. It can be interpreted that the recorded maximum
differential deflections are independent from the girder type, span length and girder spacing, and no trends
can be observed between these variallesvever, it is worth noting that differential deflections at the
phase line have been observed in exces®.@ inch. This indicates that there is likely substantial

movement of the extended rebar within the second phase curing concrete.

2.4 LABORATORY EVALUATIONS

Severalaboratory experimentsave also beeconducted to quantify the impacts of prolonged traffic
induced vibrations on the bond strength between concrete and reinforcing bars and compressive strength of
concrete. Harsh and Darwin (1984) emaed the effects of traffimduced vibrations on the concretteel
bond strength and concrete compressive strength feddplih repairs of bridge decks. It was found that
traffic-induced vibratiordoes not impact bond strength when low slump con@etsed. However, traffic
induced vibration was found to reduce the bond strength when medium (4 to 5 in.) or high slump concrete
is used. Issa (1999) performedn experimental study to determine the modulus of elasticity of concrete
and curvature threskd that concrete could sustain without cracking at early ages. Dunham et al. (2007)
experimentally investigated the effects of induced vibrations applied at early ages, on the attainable
compressivand tensile strengths of concrete. They found thattidmadid not have severe impact on the
compressive strength, but slightly reduced the tensile strength of concrete. However, the vivegons

appliedusing soil compacters and were applied five tinoe®r 1 or 2 minutes only, in contsato that
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expeced for traffic-induced vibrations which have different frequencies arate applied for longer
durations (i.e., 12, or 24 or 30 hours, et&jvan and Ng2007a, 2007b) investigated the effects of traffic
induced vibrations on curing closure pours. Ths $pecimens were subjected to double curvature loading
protocol for 24 hours with amplitudes ranging from 0.02 in. to 0.20 in. The specimens were tested to
guantify any degradation in the closure strip, by a reinforcing bar pullout or contraflexurehstesgy It

was concluded that traffinduced vibrations caudea significant reduction in the bond at high amplitudes

of vibrations.

Swenty and Graybeal (2012) examined the effects of relative movements between the reinforcing bars
and concrete duringucing on bond strength in several different embedment materials, including
conventional bridge deck concretes. The bond strengths of conventional bridge deck concrete specimens,
which were displaced at high amplitude, were significantly redugéd studywas conductedn
association with thé&ederal Highway Administration (2012ndthe bond strength due to differential
deflection of rebar in-nch cube specimens observed reductions in bond strength for deflections as low as
0.05 inch.Furthermore, Andnes (2013) evaluated the effects of amplitude and time seguiehapplied
differential movements on the bond strength, and it was found that the differential movements had the most
severe impact when it was applied between the initial and final sets of the speaitoerieMost recently,

Hong and Park (2015) exeedt an extensive experimentation program to evaluate the effect of-traffic
induced vibrations on concrete compressive and bond strengths, including 120 concrete specimens. It was
concluded that traffitnduced vibrationsanhave negative impacts on the qm@ssive and bond strengths

of concreteln conclusion, past experimental studies have largely been-soadd! but indicate that rebar
movement and vibration during the curing process negatively impacts the bond strength, compressive
strength, and tensilstrength of concrete. As a result, trafiidluced vibration is a distinctly likely

contributor to premature degradation of second phase decks in phased construction bridges.

In addition to these smadicale tests, two experimental tests of-fdéle bidge deck specimens have
been conducted to evaluate trafiidluced vibrationFouad and Furr (1981) and Weatherer et al. (2019)

both constructed fulscale bridge deck specimens in a phasmtstruction manner in a controlled

12



laboratory environment, whestmulated traffieinduced vibration was imparted to the specimens during
curing. The test setup by Weatherer et al. (2019) is shown in Figure 2.Besedarge scale experiments

mainly tested the effect of varying the amplitude of vibration on thegttremd integrity of the lap splice

at the construction joint (i.e., phase line). Contradictory to the expected results, Fouad and Furr (1981) and
Weatherer et al. (2019) concluded that the curvatures and differential defections of real bridges are too
smadl to cause cracks in fresh concrdt@wever, it is worth noting that these studies did not begin imparting
vibration until after the concrete pour was complete, which neglects a critical window time thatcaieall
studies had identifiedespite not cocluding that cracking results from the trafficluced vibration, the
specimens by Weatherer et al. (2019) were tested to failure and allowed the imprints of the rebar to be
examined in the vicinity of the phase line. This is shown in Figure 2.4. Ipthi®st ogr aph, t he

i mprinto corresponds to the rebar extended from
fistage 2 bar imprintd is the rebar that is plac
bar i mspisiblerbtténuch less distinct and appears much more disturbed. While the authors were not
able to confirm, this suggests that the relative motion of the rebar within the curing concrete did indeed
negatively impact the bond. Therefore, while no swfa@acking was observed in these experiments, it

may be possible for other bridge deck configurations.
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APPLIED DURING CURING
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Figure 2.3 Physical test setup by Weatherer et al (2019). Units: mm.
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Figure 2.4 Rebar imprints from the full -scale test of trafficinduced vibration by Weatherer et al. (2019).

2.5SYNTHESIS AND KNOWLEDGE GAPS

Many studies have lbe conducted in attempts to understand the impact of tiafficced vibration on
the premature deterioration of phased construction bridge decks. Several of these studies have looked at the
current state of existing phased construction bridge decksigual inspection approach; however, none
have been able to isolate the impacts of vibration due to presence of other contributing factors. In a more
detailed approach, there have been studies that monitored the response of phased construction bridges
during the construction sequence. These studies have identified that differential deflections during the
second phase deck pour may be exde8dinch which is a significant movement of the rebar within the
curing concrete deck. However, other bridges thaewmwsnitored exhibited considerably less differential
deflection and no correlations with bridge or traffic characteristics have been uncovered. To take a more
controlled approach, there have been several experimental studies. These have largely becalesimatil
indicate that rebar movement ainducedvibration during the curing process negatively impacts the bond

strength, compressive strength, and tensile strength of concrete. Significantly fewer experimental studies
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have been conducted at fsltale.These tests have not evidenced surface cracking as a result of traffic
induced vibration, but do provide some qualitative evidence of a reduction in thecosbagte bond
strength.However, these tests are limited in the scenarios thatrépgsentand questions remain for

alternative phased construction bridges.

Despite the previous studies conducted to investigate the phased construction practice, several

knowledge gaps remain:

1. Past fieldmonitoring tests were few and largely inconclusive, witmary data collection for

only a limited duration of time

2. Past field monitoring tests primarily focused on the differential movement between the first and
second phases without accounting for the dynamics of the entire bridge system over the

construction prcess

3. Past largescale experimental studies focused on varying the amplitude of the imparted vibration
only without consideration of other variables such as duration of vibration or potential mitigative

actions.
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CHAPTER 31 SURVEY OF DOT PRACTICE

3.1 SURVEY OBJECTIVES AND HISTORY

A survey was prepared and distributed to survey the practices and perceptions of phased construction
of bridges by state departments of transportgfddT) in the United States. The objectives of this survey
were to: 1) identify construction practices @dated with phased construction in the United States; 2)
identify current methods used to limit premature degradation of phased construction decks; and 3) gather
observations of premature degradation associated with phased construction decks. The asirvey w
developed to gather both quantitative and qualitative information through multiple choice questions and the
option for participants to provide additional written comments and/or send documentation. The survey
consisted of a total of 12 questions and imdsoth an online and pdf format to maximize participatidre
12 questions included 9 multiple choice questions and 3 short answer qué3tiesisons on the survey
were meant to elicit information i fulsunegippoonidcee t o t F

in Appendix A.

The survey was disseminated to representatives of the state departments of transportation for all 50
states through the Subcommittee on Bridge and Structures (SCOBS) of the American Association of State
Highway and Tansportation Officials (AASHTO). Each SCOBS representative received an email inviting
them to participate in the survelhe email was distributed in March 2020 and responses were gathered in
April 2020. Of the 50 states, a total of 25 responses were/egceéstates participating in the survey are

shown in Figure 1.

3.2 OBSERVATIONS
Surveys were received by April 2020 and were subsequently analyzed by the project team. Results of
the survey are presented for multiple choice questions in terms ofictafidie results are interpreted

within the broader context of phased construction including any comments provided by the state DOT
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representative. The results of the survey are organized into four sections to address the key objectives of

the survey as Weas to highlight any recommendations based upon the experience of other state DOTSs.

[l Farficipafing Stale DOTs

Figure 3.1 Map of states participating in the survey of practices and perceptions regarding phased
construction in the United States

3.2.1 Use and Practices of Phased Construction

Implementation and Closure Pours

Figure 3.2 3.7summarize the results of the survey with respect to current uses and practices of phased
construction by state DOTEigure 3.2 shows that the majority (72%) &fOTs often or sometimes use
phased construction, while 40% of the DOTSs rarely use phased constr&igiore 3.3 shows that the
majority (38%) of DOTSs rarelyor neverinclude a third pour (closure pour) between the two phases of the
bridge. Furthermore20% of the DOTs include a third pour (closure pour) and 16% of the DOTs often

include a third pour (closure pour). Also, 8% of the DOTs always include a third pour (closuréspaai).
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that the majority of DOTSs rarely or never utilize a closure pourrtiiss e ar ch pr oj ect-6s f oct

phase construction indicates that the findings are broadly applicable beyond Nebraska.

How often do you use phased construction? N=25

B Not at all (%0)

M Rarely (0-25%)

m Sometimes (25-50%)
1 Often (75-100%)

H Always (100%)

Figure 3.2 Results of survey question #1

How often does phased construction include a third pour between
the two phases of the bridge (closure pour)? N=25

B Not at all (%0)

B Rarely (0-25%)

H Sometimes (25-50%)
= Often (75-100%)

H Always (100%)

Figure 3. 3 Results of surveyguestion#2
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Curing Processes

In addition to questions surrounding the use of phased construction, information was gathered focused
on varying curing processes for individual DOTs as this is anathwribuing source of bridge deck
cracking.Figure 3.4 shows that the majority (63%) of DOTs use burlap and soaker hoses for bridge deck
curing. However, 23% of the DOTSs use liquid curing compounds and 14% of the DOTs use other methods
of curing (i.e., cotton matJltraCure curing blanket or polyethylene sheetir§milar to the findings
regarding closure pours, the bridges analyzed in field monitoring tasks and in the experimental sections of
this project incorporated burlap and soaker hoses for curing. Thet&kresearch scope herein is broadly
applicable within most state DOTs. HowevEeigure 3.5 shows that there is no general consensus among
the DOTs on the duration of bridge deck curifilge largestpercentage of DOTs (39%) have the concrete
curing procss for 710 days. Moreover, 26% of the DOTs have the concrete curing processliéidays
and 26% of the DOTSs keep the concrete curing processfatays. A small minority 6%) of the DOTs

keep the concrete curing process until tha&ld® concrete compssive strength is achieved.

By analyzingthe datarigures3.4 and 3.5 together at a sthtestate levelit can be deduced that 50%
of the DOTs that are using liquid curing compounds, keep the concrete curing proced® fdays.
Moreover, 25% of th®OTs that are using liquid curing compounds, keep the concrete curing process for
3-7 days. Also, 12.5% of the DOTSs that are using liquid curing compounds, keep the curing process for 10
14 days and the rest of DOTs using the liquid curing compounds,ttkkeequring process for-3 days.
Furthermore, 42.86% of the DOTSs that use burlap and soaker hoses (wet curing), keep the curing process
for 7-10 days. In addition, 28.58% of the DOTs that that use burlap and soaker hoses (wet curing), keep the
curing proess for 1014 days. However, there are 23.8% of the DOTSs that use burlap and soaker hoses
(wet curing), keep the curing process feb 8lays only. 4.76% of the DOTSs that use burlap and soaker
hoses (wet curing) keep the curing process until thge®8concete compressive strength is achievigus

further emphasizes a lack of consensus in typical curing approaches.
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What requirements do you have for bridge deck curing?
Select as many requirements as applicable. N=25

M Using liquid curing compound
® Using burlap and soaker hoses
(wet curing)

® None

[ Other

Figure 3.4 Results of survey question #7a

How long is the bridge deck curing process? N=24

H 1-3 Days
H 3-7 Days

H 7-10 Days
1 10-14 Days
H Other

Figure 3.5 Results of survey question #7b

Bridge and Deck Design

The design of the bridge deck and superstructure were also of interest as potential contributors to
premature degradation of the deck. As a result, information was gathered associated with spéaielgar
between the two phases and the presence of transverse diaphragms. This information is presented in Figures
3.6 and 3.7Figure 3.6 shows that the majority (56%) of DOTSs tend to use lap splice for bar splicing over

mechanical couplers. Howevenary DOTs mentioned they use mechanical couplers when the lap splice
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length cannot be satisfied according to AASHTO LRFD specificatiigsire 3.7 shows that there is no

general consensus among the DOTs on the stage when the transverse diaphragms a@. connect

What is the standard rebar splice between the two phases of
a phased (staged) construction bridge? N=25

m Mechanical (using couplers)

M Lap splice (please specify the
overlap length)

m Welded splice

= No splice

B Other

Figure 3.6 Results of survey question #8

When are transverse diaphragms between the two phases
connected? N=22

H Prior to concrete placement

m After concrete placement

M Prior to concrete placement, but
the fasteners are not fully
tightened

Figure 3.7 Results of survey question #9
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3.2.2 Restrictions during Phased Construction

Traffic Restrictions

The survey aimed to gather information regarding the range of traffic restrictions imposed during
phased constructioms a way to understand the extent of trafiiduced vibrationFigure 3.8 shows that
31% of the DOTs do not impose any traffic restricticand the most imposed traffic restriction by the
DOTs, is setting a speed limit for vehicles during concrete curing. However, some of the DOTs mentioned
that the speed limit for vehicle is imposed due to safety requirements for construction sitdseabDddts
mentioned that they close the nearest lane to phase line for facilitating the concrete placementipabcess.
is, these restrictions are in place for reasons other than reduction ofitdéfted vibrationMoreover,
some DOTs impose traffic serictions only during the concrete placement of the third pour (closure pour).
In addition, one of the DOTSs places traffic restrictions only in rare circumstances, such as constructing a
bridge with longspan welded plate girders; due to a concern tieadéfiection of girders under traffic load

will affect the reinforcing steel bond at the phase line.

Figure 3.9 shows that there is no general consensus among the DOTs that are imposing the traffic
restrictions, on how long those restrictions are in pl&mme DOTs impose restrictions during the
placement of concrete only and other DOTs impose restrictions throughout a 14 day curing period or project
duration. However, some DOTSs keep the restrictions in place until the newly poured concrete attains certain

compressive strength (i.e., 2500 psi, or full strength).

By analyzinghe datdrigures3.8 and 3.9 together at a sthiestate level, it can be deduced that 55.6%
of the DOTSs that impose a speed limit for vehicles during concrete curing, keep it ifoplac®e than 5
days or until concrete attains certain compressive strength. Moreover, 22.2% of the DOTSs that are imposing
a speed limit for vehicles, keep this limit for 1 day and the rest keep the speed limit for 12 hours or less.
Furthermore, 75% of ¢hDOTSs that set a load limit for trucks during concrete curing, keep this limit for
more than 5 days or until concrete attains certain compressive strength. Also, 25% of the DOTSs that set a
load limit for trucks during concrete curing, keep this limit I@rhours or less. In addition, 42.8% of the

DOTs that close the nearest lane to the phase line during concrete curing, closé ddys3While, 28.6%
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of the DOTSs that close the nearest lane to the phase line during concrete curing, close it foambre t
days or until concrete attains certain compressive strength, and the rest of DOTs that close the nearest lane,

close it for 1 day or less.

What types of traffic restrictions are imposed during concrete
curing, if any? Select as many restrictions as applicable. N=24

B Speed limit for vehicles

M Load limit for trucks

M Close the lane nearest to the
phase line

= None

B Other

Figure 3.8 Results of survey question #3a

How long are any traffic restrictions in place? N=16

M 12 Hours or less
u 1 Day

u 2 Days

= 3-5 Days

u Other

Figure 3.9 Results of survey question #3b
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Construction Restrictions

Figure 3.10 shows that the majority (64%) of DOTs impose a limit on the use of heavy
equipment on the new deck for a period of time following curing. In addition, 16% of the DOTs
do not impose any restrictions on construction operations during concretg. dtigure 3.11
shows that 50% of the DOTs impose restrictions on construction operations during concrete curing
for durations different than the options provided in the mukgbleice question. Comments from
several DOTSs indicated that these restrictiane in place for 14 days or until concrete attains
certain compressive strength (i.e., 3000 psi). However, a large minority (39%) of the DOTs keep

construction operations restrictions in place fdi06days.

By analyzingthe dataFigures3.10 and 3.11ogether at a stafsy-state level it can be deduced

that 56.25% of the DOTSs that impose limits on the use of heavy equipment on the new deck during
concrete curing, keep it in place for more than 10 daystirconcrete attains certain compressive
strength (i.e., 3000 psiB7.5% of the DOTSs that are imposing limit on the use of heavy equipment
on the new deck during concrete curing, keep this limit b0 @lays and the rest keep this limit

for 3-5 days. 50% of the DOTSs that set limit on the use ahequipment near the phase line,
keep this limit for more than 10 days or until concrete attains certain compressive strength (i.e.,
3000 psi). 25% of the DOTSs that limit the use of heavy equipment near phase line during concrete
curing, keep this limifor 6-10 days. However, there are 25% of the DOTSs that are setting a limit

on the use of the heavy equipment near the phase line, keep this limi &@&y3 only.
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What types of construction operation restrictions (set by the
contractor or DOT) are imposed during concrete curing, if any? Select
as many restrictions as applicable. N=22

B Limit on the use of heavy
equipment on the new deck fora
period of time following curing

M Limit on the use of heavy
equipment near the phase line

M Restrictions on the use of vibration
for concrete consolidation during
placement

 None

Figure 3.10Results of survey question #4a

How long are these restrictions in place? N=18

H 1 Day

H 2 Days

u 3-5 Days
1 6-10 Days
B Other

Figure 3.11 Results of survey question #4b
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3.2.3 Degradation Observations

Deck Cracking Presentation
Figure 3.12 shows that the majority (59%) of DOTs mentioned that the decks of phased
construction bridges have similar cracking, as compared to the deckspiiased bridges. Also,
36% of the DOTs mentioned that the decks of phased construction bragesibre cracking
than the decks of ngphased bridges. However, 5% of the DOTs (1 state) mentioned that the decks

of phased construction bridges have less cracking, as compared to the deckshatssahbridges.

Do the decks of phased construction bridges show more, less, or similar
cracking compared to the decks of non-phased bridges? N=22

® More cracking
M Less cracking

m Similar

Figure 3.12 Results of survey question #5a

By analyzing Figures 3.3 andl2 together at the statey-state level, it can be deduced
that 100% of the DOTSs that do natlude the third pour (closure poumentioned that the decks
of phagd construction bridges, show more cracking than the decks gfham®d construction
bridges.Similarly, 50% of the DOTSs that rarely include the closure pour mentioned that the decks
of phased construction bridges, show more cracking than the decks-phased construction

bridges. However, 50% of the DOTSs that rarely include the closure pour mentioned that the decks
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of phased construction bridges, show similar cracking to the decks gfhased construction
bridges Given that the phased bridges withaiclosure pour subject a large area to trafftuced
vibration, this data serves to further motivate the problem being studied in this project and provides
some level of clarification regarding why field observation studies have had such inconclusive

results.

Furthermore20% of the DOTs thatometimesnclude theclosurepour mentioned that the
decks of phased construction bridges show more icrqcthan the decks of nephased
construction bridges On the other hand, 80% of the DOTs that sometimesde the closure
pour mentioned that the decks of phased construction bridges, show similar cracking to the decks
of nonphased construction bridges. %850f the DOTs thabften include theclosure pour
mentioned that the decks of phaseastruction bridgesshow more cradkg than the decks of
nonphased construction bridgegs)% of the DOTSs that often include the closure pour mentioned
that the decks of phased construction bridges, show similar cracking to the deckspbhsed
constuction bridges; and the rest of the DOTSs that often include the closure pour mentioned that
the decks of phased construction bridges, show less cracking than tpaasaa construction
bridges. Finally, 100% of the DOTSs that always include closure pontioned that the decks of
phased construction bridges, show similar cracking to the decks gbhamed construction

bridges.

Figure 3.13 shows that 50% of the DOTs mentioned that phase 2 deck (second pour) show
the most cracking of the whole bridge delot one of the DOTs mentioned that the closure pour
shows the most cracking, if it is used. However, 22% of the DOTs mentioned that phase 1 deck
(first pour) have the most cracking of the whole bridge deck. By analyzing Figures 3.3 and 3.14

together at thetateby-state level, it can be deduced that 100% of the DOTs that doahade
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the third pour (closure pourpentioned that phase 2 deck, show more cracking than phase.
Moreover, 77.8% of the DOTSs that rarely include the closure pour mentioned thatZtacks,

show more cracking than phase 1 and closure pour decks. However, 11.1% of the DOTSs that rarely
include the closure pour mentioned that phase 1 decks, show more cracking than phase 2 and
closure pour decks; but the rest of the DOTSs that ranelyde the closure pour mentioned that
closure pour decks, show more cracking than phase 1 and 2 decks. Furthermébtepfa®&

DOTs thatsometimesnclude theclosurepour mentioned thatlosure pour deckshow more

crackng thanphase 1 and 2 decksutithe rest of the DOTs that sometimes include the closure
pour mentioned that phase 1 decks, show more cracking than phase 2 and closure pour decks. Also,
66.7%6 of the DOTSs thabfteninclude theclosurepourmentioned thaphase 1 deckshow more
crackngthan phase 2 and closure pour decks; but the rest of DOTSs that often include the closure

pour mentioned that closure pour decks, show more cracking than phase 1 and 2 decks.

Which deck of a phased construction bridge exhibits the
most cracking? N=17

B Phase 1 deck (first pour)
B Phase 2 deck (second pour)

H Closure pour (between first and
second pour)

Figure 3. 13 Results of survey question #5b
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Figure 3.14 shows that the biggest percentage of DOTs (35%) are not sure of when cracks
are initially observed after the bridge pour. However, 31% of the DOTs mentioned that cracks are
initially observed during -B months after the bridge deck pour. &126% of the DOTSs initially
observed the cracks within 2 weeks after the bridge pour. Some DOTs mentioned that they are

unable to determine when cracks initially occur; as they are covered by membrane and pavement.

If known, how long after the bridge pour are the cracks
initially observed? N=23

H 2 Weeks

H 1-3 months

= 3-6 months
6-12 months

B Other

B Unsure

Figure 3. 14 Results of survey question #5c¢

Surface Treatment
Figure 3.15 shows that the majority (56%) of DOTs leave the deck surface at the phase line joint
untreated and exposed. However, 36% of the DOTSs seal the deck surface at the phase line and 8% of the
DOTs overlay the deck surface of the joint at the pliasavith membrane and waterproofing, or wearing

surface.
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Figure 3. 15Results of survey question #5d

Observations of Correlations by DOTs

Figure 3.16 shows that the majority (79%) of DOTs mentioned that there isrataton
between the bridge geometry and structural system, or rebar splicing method and the degradation
of bridge decks. However, 21% of the DOTs mentioned that there is a corréletvogen the
bridge structural and geometric characteristics and theadatjon of bridge decks. Three of the
DOTs that responded to this question mentioned that steel bridges have more deck degradation
than other bridge types. One DOT mentioned that the dead load deflection of steel bridges cannot
be controlled nor the stegirders can be tied, when the spans exceed 150 feet. Another DOT
mentioned that the bridge skewness contributes to the deck degradation. In a more unique note,
one DOT mentioned that more cracks are observed in bridges using PPGeBlibams and high
performance concrete and these issues are currently being researched. One DOT also mentioned
that unsealed joints result in premature deterioration of the bay containing the phase line. Another
DOT mentioned that the bridges using prestressed beams ddlact ddot; hence those bridges

have less cracking.
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